Mode of antibacterial action by gramicidin S.
To elucidate the mode of antibacterial action by gramicidin S (GS), a detailed experiment on GS distribution on bacteria cells was carried out. 14C-Labeled gramicidin S ([14C]GS) was incubated with cells of Gram-positive Bacillus subtilis and Gram-negative Escherichia coli, and the amount of [14C]GS adsorbed on the cells was measured. Adsorption on B. subtilis cells was observed from 1 microgram/ml of [14C]GS. As the concentration of [14C]GS increased, the amount adsorbed on B. subtilis increased discontinuously, producing a curve which had three plateaus. On the other hand, [14C]GS was not easily adsorbed on E. coli cells at lower concentrations, but the amount adsorbed increased above 6 micrograms/ml, and the cells were temporarily saturated with GS at 10 micrograms/ml, which is the minimum inhibitory concentration for E. coli. The amount of [14C]GS adsorbed on the protoplast membrane of B. subtilis was the same as that of natural cells. However, the amount of [14C]GS adsorbed on the cell wall dropped to about 20% of that of natural bacteria. These facts indicate that GS is adsorbed on the cell membrane of bacteria particularly. The uptake of amino acid or glucose in B. subtilis was inhibited by GS. Therefore, it is concluded that GS damages the phospholipid bilayer of the cell membrane by adsorption, and prevents the functioning of the cell membrane. The amount of [14C]GS adsorbed on the spheroplast membrane of E. coli increased remarkably as compared with natural cells, even at a lower concentration of GS. The poor GS adsorption on E. coli cells may be due to the permeability barrier of the E. coli cell wall.